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(57) ABSTRACT

An aim of the present disclosure is to provide a method for
producing a fluoroalkoxide, said method being more useful
than conventional methods, and the like. The aim can be
achieved by a method for producing a compound repre-
sented by the following formula (1):

M

(wherein R* is a fluoroalkyl group optionally containing an
oxygen atom between carbon atoms, or a fluoroalkoxy group
optionally containing an oxygen atom between carbon
atoms, and
each R? is identical to or different from each other and is a
hydrocarbon group),
the method comprising the step of reacting

a compound represented by the following formula (2):

@

(€]
F)I\Rl
with a compound represented by the following formula
G
SFPNLLR?), 3).
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METHOD FOR PRODUCING
FLUOROALKOXIDE

TECHNICAL FIELD

This disclosure relates to a method for producing a
fluoroalkoxide.

BACKGROUND ART

Several methods are known as methods for producing
fluoroalkoxide.

For example, Non-Patent Literature (NPL) 1 discloses
reacting carbonyl fluoride with potassium fluoride to thereby
obtain potassium pertfluoromethoxide.

Patent Literature (PTL) 1 discloses reacting
CF,;CF,CF,0OCH; with trimethylamine to thereby obtain
tetramethylammonium perfluoropropoxide.

Patent Literature (PTL 2) discloses reacting trifluoro-
acetylfluorolide with tris(dimethylamino)sulfonium difluo-
rotrimethyl silicate to thereby obtain tris(dimethylamino)
sulfonium perfluoroethoxide.

CITATION LIST
Patent Literature

PTL 1: JP2016-509597A
PTL 2: U.S. Pat. No. 4,628,094

Non-Patent Literature
NPL 1: Can. J. Chem. 1965, 43, 1893
SUMMARY

The present disclosure includes the following embodi-
ments.

A method for producing a compound represented by the
following formula (1):

1)
eo ®N_6R2)4

1
F R

(wherein R' is a fluoroalkyl group optionally containing an
oxygen atom between carbon atoms, or a fluoroalkoxy group
optionally containing an oxygen atom between carbon
atoms, and
each R? is identical to or different from each other and is a
hydrocarbon group),
the method comprising the step of reacting

a compound represented by the following formula (2):

@
(€]

PN

F R!

(wherein R is as defined above)

2
with a compound represented by the following formula
G
CFONLRY), €))

(wherein R? is as defined above).

The present disclosure also includes the following
embodiments.

A composition comprising

a compound represented by formula (1):

@
OO ®N_6R2)4

15 F R!

(wherein R' is a fluoroalkyl group optionally containing an
oxygen atom between carbon atoms, or a fluoroalkoxy group
optionally containing an oxygen atom between carbon
atoms, and
each R? is identical to or different from each other and is a
hydrocarbon group), and

a compound represented by formula (4):

20

25 “)

@O ®N_6Rb)4

(6] R

30
(wherein R“ is a fluoroalkyl group optionally containing an
oxygen atom between carbon atoms, or a fluoroalkoxy group
optionally containing an oxygen atom between carbon
atoms, and
each R” is identical to or different from each other and is a
hydrocarbon group),
wherein when the sum of the content of the compound
represented by formula (1) and the content of the compound
represented by formula (4) is defined as 100%, the content
40 of the compound represented by formula (1) is 70% or more
in terms of molar ratio.

The present disclosure further includes the following
embodiments.

A method for producing a compound represented by the
following formula (5):

®)
F F

X

(wherein R? is a fluoroalkyl group optionally containing an
oxygen atom between carbon atoms, or a fluoroalkoxy group
optionally containing an oxygen atom between carbon
atoms, and
Q' is an organic group),
the method comprising the step of reacting

a compound represented by the following formula (6):

50 Q'—0 R?

60 ©

eo ®N_6R4)4

Rr3

65
(wherein R? is as defined above, and each R* is identical to
or different from each other and is a hydrocarbon group)
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3
with a compound represented by the following formula

@):

QL @]

(wherein Q" is as defined above and L is a leaving group).

Advantageous Effects

According to the present disclosure, a method for pro-
ducing a fluoroalkoxide, the method being more useful than
conventional methods, and the like are provided.

DESCRIPTION OF EMBODIMENTS

The above summary of the present disclosure is not
intended to describe each disclosed embodiment or every
implementation of the present disclosure.

The description of the present disclosure that follows
more specifically exemplifies illustrative embodiments.

In several places throughout the present disclosure, guid-
ance is provided through lists of examples, and these
examples can be used in various combinations.

In each instance, the described list serves only as a
representative group, and should not be interpreted as an
exclusive list.

All of the publications, patents, and patent applications
cited herein are incorporated herein by reference in their
entirety.

Terms

The symbols and abbreviations in the present specifica-
tion will be understood in the meaning usually used in the
technical field of the present disclosure in the context of the
present description, unless otherwise specified.

The term “comprising” in the present specification is used
with the intention of including the meaning of the phrases
“consisting essentially of” and “consisting of.”

The steps, treatments, or operations described in the
present specification can be performed at room temperature,
unless otherwise specified.

The room temperature referred to in the present specifi-
cation can mean a temperature in the range of 10 to 40° C.

The notation “C,,_,,,” (wherein n and m are each a number)
used in the present specification means that the number of
carbon atoms is n or more and m or less, as is usually
understood by persons skilled in the art.

Unless otherwise specified, examples of the “halogen” as
referred to in the present specification include a fluorine
atom, a chlorine atom, a bromine atom, and an iodine atom.

The “organic group” as referred to in the present speci-
fication means a group formed by removing one hydrogen
atom from an organic compound.

Examples of the “organic group” as referred to in the
present specification include hydrocarbon groups optionally
having one or more substituents, non-aromatic heterocyclic
groups optionally having one or more substituents, het-
eroaryl groups optionally having one or more substituents, a
cyano group, an aldehyde group, RO—, RS—, RCO—,
RSO,—, ROCO—, and ROSO,— (wherein R is indepen-
dently a hydrocarbon group optionally having one or more
substituents, a non-aromatic heterocyclic group optionally
having one or more substituents, or a heteroaryl group
optionally having one or more substituents).
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4

Examples of the “substituents” include halogen atoms, a
cyano group, an amino group, alkoxy groups, and alkylthio
groups. Two or more substituents may be identical to or
different from each other.

Unless otherwise specified, examples of “hydrocarbon
groups” as referred to in the present specification include
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalka-
dienyl, aryl, and aralkyl.

Unless otherwise specified, examples of the “alkyl” as
referred to in the present specification include linear or
branched C, ,, alkyl groups, such as methyl, ethyl, propyl
(n-propyl, isopropyl), butyl (n-butyl, isobutyl, sec-butyl,
tert-butyl), pentyl, and hexyl.

Unless otherwise specified, examples of the “alkoxy” as
referred to in the present specification include linear or
branched C, ,, alkoxy groups, such as methoxy, ethoxy,
propoxy (n-propoxy, isopropoxy), butoxy (n-butoxy, isobu-
toxy, sec-butoxy, tert-butoxy), pentyloxy, and hexyloxy.

Unless otherwise specified, examples of the “alkylthio” as
referred to in the present specification include linear or
branched C, ,, alkylthio groups, such as methylthio, ethyl-
thio, propylthio (n-propylthio, isopropylthio), butylthio
(n-butylthio, isobutylthio, sec-butylthio, tert-butylthio), pen-
tylthio, and hexylthio.

Unless otherwise specified, examples of the “alkenyl” as
referred to in the present specification include linear or
branched C, _,,, alkenyl groups, such as vinyl, 1-propen-1-yl,
2-propen-1-yl, isopropenyl, 2-buten-1-yl, 4-penten-1-yl, and
5-hexen-1-yl.

Unless otherwise specified, examples of the “alkynyl” as
referred to in the present specification include linear or
branched C, ,, alkynyl groups, such as ethynyl, 1-propyn-
1-yl, 2-propin-1-yl, 4-pentyn-1-yl, and 5-hexyn-1-yl.

Unless otherwise specified, examples of the “cycloalkyl”
as referred to in the present specification include C; |,
cycloalkyl groups, such as cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, and cycloheptyl.

Unless otherwise specified, examples of the “cycloalk-
enyl” as referred to in the present specification include C;_;
cycloalkenyl groups, such as cyclopropenyl, cyclobutenyl,
cyclopentenyl, cyclohexenyl, and cycloheptenyl.

Unless otherwise specified, examples of the “cycloalka-
dienyl” as referred to in the present specification include
C,.1o cycloalkadienyl groups, such as cyclobutadienyl,
cyclopentadienyl,  cyclohexadienyl, cycloheptadienyl,
cyclooctadienyl, cyclononadienyl, and cyclodecadienyl.

Unless otherwise specified, the “aryl” as referred to in the
present specification can be monocyclic, bicyclic, tricyclic,
or tetracyclic.

Unless otherwise specified, the “aryl” as referred to in the
present specification can be a Cg_, 5 aryl group.

Unless otherwise specified, examples of the “aryl” as
referred to in the present specification include phenyl,
1-naphthyl, 2-naphthyl, 2-biphenyl, 3-biphenyl, 4-biphenyl,
and 2-anthryl.

Unless otherwise specified, examples of the “aralkyl” as
referred to in the present specification include benzyl, phen-
ethyl, diphenylmethyl, 1-naphthylmethyl, 2-naphthylm-
ethyl, 2,2-diphenylethyl, 3-phenylpropyl, 4-phenylbutyl,
S-phenylpentyl, 2-biphenylmethyl, 3-biphenylmethyl, and
4-biphenylmethyl.

Unless otherwise specified, the “non-aromatic heterocy-
clic group” as referred to in the present specification means
a group formed by removing one hydrogen atom from a
non-aromatic heterocycle.
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Unless otherwise specified, the “non-aromatic heterocy-
clic group” as referred to in the present specification can be
monocyclic, bicyclic, tricyclic, or tetracyclic.

Unless otherwise specified, the “non-aromatic heterocy-
clic group” as referred to in the present specification can be
saturated or unsaturated.

Unless otherwise specified, the “non-aromatic heterocy-
clic group” as referred to in the present specification can be
a 5- to 18-membered non-aromatic heterocyclic group.

Unless otherwise specified, the “non-aromatic heterocy-
clic group” as referred to in the present specification can be,
for example, a non-aromatic heterocyclic group containing,
in addition to carbon atoms, 1 to 4 heteroatoms selected
from oxygen, sulfur, and nitrogen atoms as a ring-constitut-
ing atom.

Unless otherwise specified, examples of the ‘“non-aro-
matic heterocyclic group” as referred to in the present
specification include tetrahydrofuryl, oxazolidinyl, imida-
zolinyl (e.g., 1-imidazolinyl, 2-imidazolinyl, and 4-imida-
zolinyl), aziridinyl (e.g., 1-aziridinyl and 2-aziridinyl), pyr-
rolidinyl (e.g., 1-pyrrolidinyl, 2-pyrrolidinyl, and
3-pyrrolidinyl), piperidinyl (e.g., 1-piperidinyl, 2-piperidi-
nyl, and 3-piperidinyl), azepanyl (e.g., 1-azepanyl, 2-azepa-
nyl, 3-azepanyl, and 4-azepanyl), azocanyl (e.g., 1-azocanyl,
2-azocanyl, 3-azocanyl, and 4-azocanyl), piperazinyl (e.g.,
1,4-piperazin-1-yl and 1,4-piperazin-2-yl), diazepinyl (e.g.,
1,4-diazepin-1-yl, 1,4-diazepin-2-yl, 1,4-diazepin-5-yl, and
1,4-diazepin-6-yl), diazocanyl (e.g., 1,4-diazocan-1-yl, 1,4-
diazocan-2-yl, 1,4-diazocan-5-yl, 1,4-diazocan-6-yl, 1,5-di-
azocan-1-yl, 1,5-diazocan-2-yl, and 1,5-diazocan-3-yl), tet-
rahydropyranyl (e.g., tetrahydropyran-4-yl), morpholinyl
(e.g., 4-morpholinyl), thiomorpholinyl (e.g., 4-thiomor-
pholinyl), 2-oxazolidinyl, dihydrofuryl, dihydropyranyl,
dihydroquinolyl, and the like.

Unless otherwise specified, the “heteroaryl” as referred to
in the present specification can be monocyclic, bicyclic,
tricyclic, or tetracyclic.

Unless otherwise specified, the “heteroaryl” as referred to
in the present specification can be, for example, a 5- to
18-membered heteroaryl group.

Unless otherwise specified, the “heteroaryl” as referred to
in the present specification can be, for example, a heteroaryl
group containing, in addition to carbon atoms, 1 to 4
heteroatoms selected from oxygen, sulfur, and nitrogen
atoms as a ring-constituting atom.

Unless otherwise specified, examples of the “heteroaryl”
as referred to in the present specification include “monocy-
clic heteroaryl groups” and “aromatic fused heterocyclic
groups.”

Unless otherwise specified, examples of the “monocyclic
heteroaryl groups™ as referred to in the present specification
include pyrrolyl (e.g., 1-pyrrolyl, 2-pyrrolyl, and 3-pyrro-
Iyl), furyl (e.g., 2-furyl and 3-furyl), thienyl (e.g., 2-thienyl
and 3-thienyl), pyrazolyl (e.g., 1-pyrazolyl, 3-pyrazolyl, and
4-pyrazolyl), imidazolyl (e.g., 1-imidazolyl, 2-imidazolyl,
and 4-imidazolyl), isoxazolyl (e.g., 3-isoxazolyl, 4-isoxa-
zolyl, and 5-isoxazolyl), oxazolyl (e.g., 2-oxazolyl, 4-oxa-
zolyl, and 5-oxazolyl), isothiazolyl (e.g., 3-isothiazolyl,
4-isothiazolyl, and 5-isothiazolyl), thiazolyl (e.g., 2-thiaz-
olyl, 4-thiazolyl, and S5-thiazolyl), triazolyl (e.g., 1,2,3-
triazol-4-yl and 1,2,4-triazol-3-yl), oxadiazolyl (e.g., 1,2,4-
oxadiazol-3-yl and 1,2,4-oxadiazol-5-yl), thiadiazolyl (e.g.,
1,2,4-thiadiazol-3-yl and 1,2,4-thiadiazol-5-yl), tetrazolyl,
pyridyl (e.g., 2-pyridyl, 3-pyridyl, and 4-pyridyl), pyridazi-
nyl (e.g., 3-pyridazinyl and 4-pyridazinyl), pyrimidinyl
(e.g., 2-pyrimidinyl, 4-pyrimidinyl, and S5-pyrimidinyl),
pyrazinyl, and the like.
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6

Unless otherwise specified, examples of the “aromatic
fused heterocyclic groups” as referred to in the present
specification include isoindolyl (e.g., 1-isoindolyl, 2-isoin-
dolyl, 3-isoindolyl, 4-isoindolyl, 5-isoindolyl, 6-isoindolyl,
and 7-isoindolyl), indolyl (e.g., 1-indolyl, 2-indolyl, 3-in-
dolyl, 4-indolyl, 5-indolyl, 6-indolyl, and 7-indolyl), benzo
[blfuranyl (e.g., 2-benzo[blfuranyl, 3-benzo[b]furanyl,
4-benzo[blfuranyl, S5-benzo[blfuranyl, 6-benzo[b]furanyl,
and 7-benzo[b]furanyl), benzo[c]furanyl (e.g., 1-benzo[c]
furanyl, 4-benzo[c]furanyl, and 5-benzo[c]furanyl), benzo
[b]thienyl (e.g., 2-benzo[blthienyl, 3-benzo|[b]thienyl,
4-benzo[b]thienyl, 5-benzo[b]thienyl, 6-benzo[b]thienyl,
and 7-benzo[b]thienyl), benzo[c]thienyl (e.g., 1-benzo[c]
thienyl, 4-benzo[c]thienyl, and 5-benzo[c]thienyl), inda-
zolyl (e.g., 1-indazolyl, 2-indazolyl, 3-indazolyl, 4-inda-
zolyl, 5-indazolyl, 6-indazolyl, and 7-indazolyl),
benzimidazolyl (e.g., 1-benzimidazolyl, 2-benzimidazolyl,
4-benzimidazolyl, and 5-benzimidazolyl), 1,2-benzisoxa-
zolyl (e.g., 1,2-benzisoxazol-3-yl, 1,2-benzisoxazol-4-yl,
1,2-benzisoxazol-5-yl, 1,2-benzisoxazol-6-yl, and 1,2-ben-
zisoxazol-7-yl), benzoxazolyl (e.g., 2-benzoxazolyl, 4-ben-
zoxazolyl, 5-benzoxazolyl, 6-benzoxazolyl, and 7-benzoxa-
zolyl), 1,2-benzisothiazolyl (e.g., 1,2-benzisothiazol-3-yl,
1,2-benzisothiazol-4-yl, 1,2-benzisothiazol-5-yl, 1,2-ben-
zisothiazol-6-yl, and 1,2-benzisothiazol-7-yl), benzothiaz-
olyl (e.g., 2-benzothiazolyl, 4-benzothiazolyl, 5-benzothiaz-
olyl, 6-benzothiazolyl, and 7-benzothiazolyl), isoquinolyl
(e.g., 1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, and 5-iso-
quinolyl), quinolyl (e.g., 2-quinolyl, 3-quinolyl, 4-quinolyl,
5-quinolyl, and 8-quinolyl), cinnolinyl (e.g., 3-cinnolinyl,
4-cinnolinyl, 5-cinnolinyl, 6-cinnolinyl, 7-cinnolinyl, and
8-cinnolinyl), phthalazinyl (e.g., 1-phthalazinyl, 4-phtha-
lazinyl, 5-phthalazinyl, 6-phthalazinyl, 7-phthalazinyl, and
8-phthalazinyl), quinazolinyl (e.g., 2-quinazolinyl, 4-qui-
nazolinyl, 5-quinazolinyl, 6-quinazolinyl, 7-quinazolinyl,
and 8-quinazolinyl), quinoxalinyl (e.g., 2-quinoxalinyl,
3-quinoxalinyl, 5-quinoxalinyl, 6-quinoxalinyl, 7-quinoxali-
nyl, and 8-quinoxalinyl), pyrazolo[1,5-a]pyridyl (e.g., pyra-
zolo[1,5-a]pyridin-2-yl, pyrazolo[1,5-a]pyridin-3-yl, pyra-
zolo[1,5-a]pyridin-4-yl, pyrazolo[1,5-a]pyridin-5-yl,
pyrazolo[1,5-a]pyridin-6-yl, and pyrazolo[1,5-a]pyridin-7-
yl), imidazo[1,2-a]pyridyl (e.g., imidazo[1,2-a]pyridin-2-yl,
imidazo[1,2-a]pyridin-3-yl, imidazo[1,2-a]pyridin-5-yl,
imidazo[1,2-a]pyridin-6-yl, imidazo[1,2-a]pyridin-7-yl, and
imidazo[1,2-a]pyridin-8-yl), and the like.

Unless otherwise specified, examples of the “fluoroalkyl
group optionally containing an oxygen atom between carbon
atoms” as referred to in the present specification include
linear or branched fluoro-C, ,, alkyl groups, linear or
branched fluoro-C, , alkoxy-fluoro-C,_, alkyl groups, or
linear or branched fluoro-C, , alkoxy-fluoro-C,_, alkoxy-
fluoro-C, , alkyl groups such as CF;—, CH;—CF,—,
CHF,—CH,—, CF,—CH,—, CF;—CF,—, CF,—CF,—
CH,—, CF,—CF,—CF,—, (CF;),CF—, CF,—0—
CF,—, CF;—O—CF(CF;)—, CF,—CF,—CF,—CF,—,
CF;—CF,—CF(CF;)—CF,—, CF;—0—CH,—CH,—,
CF,0—CH(CF,)—CH,—, CF;—O—CF,—CF,—,
(CF,;CF,)(CF,)CF—, (CF;);C—, CF;—CF,—0O—CF,—,
CF;—CF,—CF,—CF,—CF,—, CF;—CF,—0O—CF,—
CF,—, CF;—0O—CF,—0—CF,—, CF;—CF,—CF,—
CF,—CF,—CF,—, CF,—CF,—CF,—0—CH,—CF,—,
CF;—CF,—CF,—0—CF,—CF,—, CF;—CF,—CF,—
CF,—CF,—CF,—CF,—, CF,—CF,—CF,—CF,—CF,—
CF,—CF,—CF,—, CHF,—CF,—CF,—CF,—CF,—
CF,—CF,—CH,—CF,—CF(CF;)—CF,—, CF,—CF,—
CF(CF,)—, CF;—CF,—CF,—0O—CF(CF,)—CF,, CF;—
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CF,—CF,—O—CF(CF,)—CF,—O—CF(CF;)—CF,, and
CF;—CF,—CF,—O—[CF(CF,)—CF,—0—],—CF
(CF;)—CF,—.

Unless otherwise specified, examples of the “fluoroalkoxy
group optionally containing an oxygen atom between carbon
atoms” include linear or branched fluoro-C, ,, alkoxy
groups or linear or branched fluoro-C,_, alkoxy-fluoro-C, ,
alkoxy groups, such as CF,—O—, CF;—CH,—0O—,
CF;—CF,—0O—, CF,—CF,—CF,—0O—, CF,—CF,—
CF,—CF,—0O—, CF;—0O—CF,—0—, CF;—0O—CF,—
CF,—CF,—0O—, CF;—0—CH,—CF,—CF,—0—,
CF;—CF,—0O—CF,—CF,—0—, CF;—CF,—CF,—0O—
CH,—CF,—CF,—0—, CF;—CF,—CF,—0O—CF,—

CF,—CF,—O—, CF,—CF(CF,)—O—, CF,—CF,—CF
(CF;)—O—, CF,—CF(CF,)—CF(CF,)—0—, CF,—
CF,—CF,—O—CF(CF,)—CF,—O—, CF,—CF,—
CF,—O—[CF(CF;—CF,—0—],—0O—, and CF,—

CF,—CF,—O—[CF(CF;)—CF,—0—],—0—.
Method for Producing Compound Represented by Formula
M

In one embodiment, the method for producing the com-
pound represented by the following formula (1):

1)
@O ®N_6R2)4

1
F R

(wherein R' is a fluoroalkyl group optionally containing an
oxygen atom between carbon atoms, or a fluoroalkoxy group
optionally containing an oxygen atom between carbon
atoms, and each R? is identical to or different from each
other and is a hydrocarbon group) according to the present
disclosure is a production method comprising the step of
reacting a compound represented by the following formula

2

@

F R!

(wherein R is as defined above)
with a compound represented by the following formula (3):

CFENLRY), €))

(wherein R? is as defined above). According to this method,
a metal-free and thermally stable fluoroalkoxide can be
easily produced.

In formulas (1) and (2), R! is preferably a perfluoroalkyl
group optionally containing an oxygen atom between carbon
atoms, or a perfluoroalkoxy group optionally containing an
oxygen atom between carbon atoms; and more preferably a
perfluoro-C, , alkyl group optionally containing an oxygen
atom between carbon atoms, or a perfluoro-C, ¢ alkoxy
group optionally containing an oxygen atom between carbon
atoms.

In formulas (1) and (3), each R? is preferably alkyl, aryl,
or aralkyl, more preferably alkyl, and even more preferably
C,, alkyl. From the viewpoint of reactivity and thermal
stability, all R?s are preferably methyl.
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Preferable examples of the compound represented by
formula (3) include the following compounds:

Me Me Et
FO I|\I® r® | r® | o
Me” | Me BT B BT | Rt
Me Et Et
° Me ° Me ° Me ° Me
F Il\I@ F Il\I@ F I|\I® F® | o
P | P B | By Me” | Bt Me” | e
Pr Bu Et Pr
Me Me Me
e IL@ F® IL@ e IL@
Me” | Bu Me” | R Me” | Rt
Bu Pr Bu
o Me ° Me ° Me ° Me
F 1|\1® F I|\I® F 1|\1® F 1!1®
Me” | e T B B | B BT e
Bu Et Et Pr
° Me ° Me ° Me
F 1|\1® F 1|\1® F 1!1‘9
B | >pr B | YBu | “Bu
Pr Bu Bu
Pr U Bu Me
9 | o F® Il\I@ F© 1|\1® F© I|\I®
e | B B | B B | B Bu” | R
Et Et Pr Pr

(wherein Me is methyl, Et is ethyl, Pr is propyl, and Bu is
butyl).

The lower limit of the amount of the compound of
formula (3) to be used can usually be 0.1 mol, preferably 0.2
mol, 0.3 mol, 0.4 mol, or 0.5 mol, per mol of the compound
of formula (2).

The upper limit of the amount of the compound of
formula (3) to be used can usually be 10 mol, preferably 5
mol, 4 mol, 3 mol, or 2 mol, per mol of the compound of
formula (2).

The amount of the compound of formula (3) to be used is
usually 0.1 to 10 mol, preferably 0.2 to 5 mol, more
preferably 0.2 to 5 mol, and even more preferably 0.5 to 2
mol, per mol of the compound of formula (2).

The reaction between the compound represented by for-
mula (2) and the compound represented by formula (3) is
preferably performed in the presence of a solvent.

Examples of solvents include hydrocarbon solvents (e.g.,
chain hydrocarbons such as n-hexane; and aromatic hydro-
carbons such as benzene, toluene, and p-xylene);

halogen solvents (e.g., haloalkanes such as dichlorometh-

ane and dichloroethane; and haloarenes such as chlo-
robenzene);

nitrile solvents (e.g., chain nitriles such as acetonitrile,

propionitrile, and acrylonitrile; and cyclic nitriles such
as benzonitrile);

amide solvents (e.g., carboxylic acid amides (e.g., chain

amides such as formamide, N-methylformamide, and
N,N-diethylformamide; and cyclic amides such as
N-methylpyrrolidone); and amide phosphate (e.g., hex-
amethylphosphoric amide)); and

ether solvents (e.g., chain ethers such as diethyl ether; and

cyclic ethers such as tetrahydrofuran, and dioxane);

urea solvents (e.g., N.N-dimethylpropylene urea);

ester solvents (e.g., esters of acetic acid);

sulfoxide solvents (e.g., dimethyl sulfoxide);

nitro solvents (e.g., nitromethane and nitrobenzene);
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ketone solvents (e.g., acetone and methyl ethyl ketone);
a mixed solvent of two or more of these;
and the like.

The solvent is preferably a halogen solvent, a urea sol-
vent, an amide solvent, a sulfoxide solvent, an ester solvent,
a nitrile solvent, an ether solvent, or a mixed solvent of two
or more of these; more preferably a halogen solvent, a nitrile
solvent, an amide solvent, an ether solvent, or a mixed
solvent of two or more of these; and even more preferably
a nitrile solvent.

In the reaction between the compound represented by
formula (2) and the compound represented by formula (3),
the reaction temperature and the reaction time are not
particularly limited as long as the reaction proceeds. The
reaction can be accelerated by heating.

The lower limit of the reaction temperature can be, for
example, —20° C., preferably -10° C., -5° C., 0° C., 5° C.,
10° C., or 15° C.

The upper limit of the reaction temperature can be, for
example, 110° C., preferably 100° C.,90° C., 80° C., 70° C.,
60° C., 50° C., or 40° C.

The reaction temperature is, for example, in the range of
-20 to 110° C., preferably 0 to 70° C., and more preferably
15 to 40° C.

The reaction time is, for example, in the range of 0.5 to
48 hours, preferably 1 to 24 hours.

Composition

The composition according to one embodiment of the
present disclosure is a composition containing a compound
represented by formula (1) and a compound represented by
the following formula (4):

)
eo ®N_6Rb)4

(6] R4

(wherein R® is a fluoroalkyl group optionally containing an
oxygen atom between carbon atoms, or a fluoroalkoxy group
optionally containing an oxygen atom between carbon
atoms, and each R is identical to or different from each
other).

The compound represented by formula (1) can be selected
from the compounds exemplified in the above section
“Method for Producing Compound Represented by Formula
Ok

In formula (4), R? is preferably a perfluoroalkyl group
optionally containing an oxygen atom between carbon
atoms, or a perfluoroalkoxy group optionally containing an
oxygen atom between carbon atoms; more preferably a
perfluoro-C, ¢ alkyl group optionally containing an oxygen
atom between carbon atoms, or a perfluoro-C, , alkoxy
group optionally containing an oxygen atom between carbon
atoms.

In formula (4), each R? is preferably alkyl, aryl, or aralkyl;
more preferably alkyl; and even more preferably C, , alkyl.
It is also preferable that all R?s are methyl.

A suitable example of the compound represented by
formula (4) is a compound wherein the anion represented by
—OC(=0)R" s (perfluoro-C, g alkyl) carbonyloxy, and the
cation represented by +N(R?), is a compound selected from
the following compounds:
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l\l/Ie l\l/Ie ]i:t
® ® ®
N N N
Me” | Me BT | B BT | Ee
Me Et Et
l\l/Ie l\l/Ie l\l/Ie l\l/Ie
® ® ® ®
N N N N
P | > B | By Me” | DB Me” | e
Pr Bu Et Pr
l\l/Ie l\l/Ie l\l/Ie
® ® ®
N N N
Me” | Bu Me” | Bt Me” | DEt
Bu Pr Bu
Me Me Me Me
le le Lo le
Me” | e T B B | B BT e
Bu Et Et Pr
l\l/Ie l\l/Ie l\l/Ie
® ® ®
N N N
B | e B | Bu | OBu
Pr Bu Bu
Il’r ]|3u ]|3u l\l/Ie
® ® ® ®
N N N N
b | B B | R B | pr B | Bt
Et Et Pr Pr

(wherein Me is methyl, Et is ethyl, Pr is propyl, and Bu is
butyl).

The compound represented by formula (4) can be, for
example, a hydrolyzate of the compound represented by
formula (1). In this case, R' in formula (1) and R* in the
formula (4) are identical to each other, and R? in formula (1)
and R? in formula (4) are identical to each other.

The lower limit of the content (molar ratio) of the com-
pound represented by formula (1) can be, for example, 70%,
preferably 80%, and more preferably 85%, when the sum of
the content of the compound represented by formula (1) and
the content of the compound represented by formula (4) is
defined as 100%.

The upper limit of the content (molar ratio) of the com-
pound represented by formula (1) can be, for example, 99%,
98%, 97%, 96%, or 95%, when the sum of the content of the
compound represented by formula (1) and the content of the
compound represented by formula (4) is defined as 100%.

The content of the compound represented by formula (1)
(molar ratio) can be, for example, in the range of 70 to 99%,
80 to 99%, or 85 to 99%, when the sum of the content of the
compound represented by formula (1) and the content of the
compound represented by formula (4) is defined as 100%.

The content of the compound represented by formula (1)
is a value calculated from the intensity ratio of a peak of d
-20 to -40 ppm (a peak derived from the compound
represented by formula (1)) and a peak of 8 -112 to -118
ppm (derived from the compound represented by formula
(4)) in the *F-NMR spectrum.

Fluoroalkoxylating Agent

The fluoroalkoxylating agent according to one embodi-
ment of the present disclosure comprises a composition
containing a compound represented by formula (1) and a
compound represented by formula (4). The composition
contained in the fluoroalkoxylating agent can be selected
from those exemplified in the above section “Composition.”

The fluoroalkoxylating agent is preferably a pertluoro-
alkoxylating agent.
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Method for Producing Compound Represented by Formula
®)
In one embodiment, the method for producing the com-
pound represented by the following formula (5):

®
F F

X

(wherein R? is a fluoroalkyl group optionally containing an
oxygen atom between carbon atoms, or a fluoroalkoxy group
optionally containing an oxygen atom between carbon
atoms, and Q' is an organic group) is a production method
comprising the step of reacting a compound represented by
the following formula (6):

QI_O R3

(©)
eo ®N_6R4)4

3
F R

(wherein R? is as defined above, and each R* is identical to
or different from each other and is a hydrocarbon group)
with a compound represented by the following formula (7):

Q'-L M

(wherein Q' is as defined above, and L is a leaving group).

In formulas (5) and (6), R? is preferably a perfluoroalkyl
group optionally containing an oxygen atom between carbon
atoms, or a perfluoroalkyl group optionally containing an
oxygen atom between carbon atoms, more preferably a
perfluoro-C, ¢ alkyl group optionally containing an oxygen
atom between carbon atoms, or a perfluoro-C, ¢ alkoxy
group optionally containing an oxygen atom between carbon
atoms.

In formula (6), each R* is preferably alkyl, aryl, or aralkyl;
more preferably alkyl; and even more preferably C, _, alkyl.
In view of reactivity and thermal stability, it is also prefer-
able that all R*s are methyl.

A suitable example of the compound represented by
formula (6) is that the anion represented by —OCF,R?> is
perfluoro-C, ;, alkoxide and the cation represented by
+N(R*), is a compound selected from the following com-
pounds:

l\l/Ie l\l/Ie ]|Et
® ® ®
N N N
Me” | OMe BT R BT Rt
Me Et Et
l\l/Ie l\l/Ie l\l/Ie l\l/Ie
® ® ® ®
N N N N
e [ e B | Bu Me” | B Me” | pr
Pr Bu Et Pr
l\l/Ie l\l/Ie l\l/Ie
® ® ®
N N N
Me” | DBy Me” | R Me” | Rt
Bu Pr Bu
Me Me Me Me
le le le lo
Me” | e B | B B | R BT Pr
Bu Et Et Pr
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-continued
l\l/Ie | e | e
® ® ®

N N N
B | e B | OBu | OBu

Pr Bu Bu

Pr Bu Bu Me

Il\I [©] | @ Il\I ® Il\I ®
b | B B | E B | pr B | Bt

Et Et Pr Pr

(wherein Me is methyl, Et is ethyl, Pr is propyl, and Bu is
butyl).

In formula (7), Q' is preferably a hydrocarbon group
optionally having one or more substituents; more preferably
a hydrocarbon group, and even more preferably alkyl,
alkenyl, aryl, or aralkyl.

Examples of leaving groups represented by L include
halogen atoms (e.g., chlorine, bromine, iodine), alkylsulfo-
nyloxy groups (e.g., mesyloxy), haloalkylsulfonyloxy
groups (e.g., trifluoromethyloxy), and arylsulfonyloxy
groups (e.g., tosyloxy). L is preferably a halogen atom, and
is more preferably one species selected from chlorine,
bromine, and iodine.

Preferable examples of the compound represented by
formula (7) include alkyl halides (e.g., C,_,, alkyl bromides
such as ethyl bromide, propyl bromide, and butyl bromide;
and C,_,, alkyl chlorides wherein bromine of such bromides
is replaced with chlorine), alkenyl halides (e.g., C; ,, alk-
enyl bromides, such as allyl bromide, 3-butenyl bromide,
4-pentenyl bromide, and 5-hexenyl bromide; and C;_,,
alkenyl chlorides wherein bromine of such bromides is
replaced with chlorine), aryl halides (e.g., C4 ;o aryl bro-
mides such as bromobenzene; and C, ,, aryl chlorides
wherein bromine of such bromides is replaced with chlo-
rine), and aralkyl halides (e.g., C4_,, aryl-C,_,, alkyl bro-
mides such as benzyl bromide and phenethyl bromide; and
Cq.1o-aryl-C, ;, alkyl chlorides wherein bromine of such
bromides is replaced with chlorine).

The lower limit of the amount of the compound of
formula (6) to be used can usually be 0.5 mol, preferably 0.6
mol, 0.7 mol, 0.8 mol, or 0.9 mol, per mol of the compound
of formula (7).

The upper limit of the amount of the compound of
formula (6) to be used can usually be 10 mol, preferably 9
mol, 8 mol, 7 mol, 6 mol, or 5 mol, per mol of the compound
of formula (7).

The amount of the compound of formula (6) to be used
can usually be in the range of 0.5 to 10 mol, and preferably
0.9 to 5 mol, per mol of the compound of formula (7).

The reaction between the compound represented by for-
mula (6) and the compound represented by formula (7) is
preferably performed in the presence of an auxiliary agent.

Examples of the auxiliary agent include silver tetrafluo-
roborate, silver hexafluorophosphate, and the like. These
auxiliary agents can be used alone, or in a combination of
two or more.

The amount of the auxiliary agent to be used is usually in
the range of 0.1 to 10 mol, and preferably 0.2 to 5 mol, per
mol of the compound represented by formula (7).

The reaction between the compound represented by for-
mula (6) and the compound represented by formula (7) is
preferably performed in the presence of a solvent.

Examples of solvents include hydrocarbon solvents (e.g.,
chain hydrocarbons such as n-hexane; and aromatic hydro-
carbons such as benzene, toluene, and p-xylene);
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halogen solvents (e.g., haloalkanes such as dichlorometh-
ane and dichloroethane; and haloarenes such as chlo-
robenzene);

nitrile solvents (e.g., chain nitriles such as acetonitrile,

propionitrile, and acrylonitrile; and cyclic nitriles such
as benzonitrile);

amide solvents (e.g., carboxylic acid amides (e.g., chain

amides such as formamide, N-methylformamide, and
N,N-diethylformamide; and cyclic amides such as
N-methylpyrrolidone), and phosphoric acid amides
(e.g., hexamethylphosphoric acid amide));
ether solvents (e.g., chain ethers such as diethyl ether; and
cyclic ethers such as tetrahydrofuran, and dioxane);
urea solvents (e.g., N,N-dimethylpropylene urea);

ester solvents (e.g., esters of acetic acid);

sulfoxide solvents (e.g., dimethyl sulfoxide);

nitro solvents (e.g., nitromethane and nitrobenzene);

ketone solvents (e.g., acetone and methyl ethyl ketone);

a mixed solvent of two or more of these;

and the like.

The solvent is preferably a halogen solvent, a urea sol-
vent, an amide solvent, a sulfoxide solvent, an ester solvent,
a nitrile solvent, an ether solvent, or a mixed solvent of two
or more of these, and more preferably a halogen solvent, a
nitrile solvent, an amide solvent, an ether solvent, or a mixed
solvent of two or more of these, and even more preferably
a nitrile solvent.

In the reaction between the compound represented by
formula (6) and the compound represented by formula (7),
the reaction temperature and the reaction time are not
particularly limited as long as the reaction proceeds. The
reaction can proceed by heating.

The lower limit of the reaction temperature can be, for
example, 0° C., and preferably 5° C., 10° C., or 15° C.

The upper limit of the reaction temperature can be, for
example, 100° C., and preferably 95° C., 90° C., 85° C., or
80° C.

The reaction temperature is, for example, in the range of
0 to 100° C., and preferably 15 to 80° C.

The reaction time is, for example, in the range of 0.5 to
24 hours, preferably 1 to 24 hours, and more preferably 1 to
18 hours.

The reaction product obtained from the compound rep-
resented by formula (6) and the compound represented by
formula (7) may include, for example, a compound repre-
sented by the following formula (5'):

3"
(€]

PN

(wherein R® and Q' are as defined above) as a by-product.

In the reaction product, the content (molar ratio) of the
compound represented by formula (5') is, for example, 30%
or less, preferably 20% or less, and more preferably 15% or
less, when the total of the content of the compound repre-
sented by formula (5) and the content of the compound
represented by formula (5") is defined as 100%. The content
of the compound represented by formula (5') can be calcu-
lated from the **F-NMR spectrum peak intensity. The reac-
tion product can be purified by a conventional method, such
as filtration or column chromatography.

The present disclosure includes the following embodi-
ments.

QI_O R3
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Item 1. A method for producing a compound represented
by the following formula (1):

@
@O ®N_6R2)4

1
F R

(wherein R! is a fluoroalkyl group optionally containing
an oxygen atom between carbon atoms, or a fluoro-
alkoxy group optionally containing an oxygen atom
between carbon atoms, and

each R? is identical to or different from each other and is
a hydrocarbon group),

the method comprising the step of reacting
a compound represented by the following formula (2):

@

F R!

(wherein R is as defined above)
with a compound represented by the following formula
@3):

CFEN-(R?), 3

(wherein R? is as defined above).

Item 2. The method according to Item 1, wherein each R?
is identical to or different from each other and is alkyl.

Item 3. The method according to Item 1 or 2, wherein each
R? is identical to or different from each other andis C, _,
alkyl.

Item 4. The method according to any one of Items 1 to 3,
wherein all R*s are methyl.

Item 5. The method according to any one of Items 1 to 4,
wherein R is a perfluoro-C, 4 alkyl group optionally
containing an oxygen atom between carbon atoms, or a
perfluoro-C, ¢ alkoxy group optionally containing an
oxygen atom between carbon atoms.

Item 6. The method according to any one of Items 1 to 5,
wherein the reaction is performed in the presence of at
least one solvent selected from the group consisting of
halogen solvents, urea solvents, amide solvents, sulfox-
ide solvents, ester solvents, nitrile solvents, and ether
solvents.

Item 7. The method according to any one of Items 1 to 6,
wherein the reaction is performed in the presence of at
least one solvent selected from the group consisting of
halogen solvents, amide solvents, nitrile solvents, and
ether solvents.

Item 8. The method according to any one of Items 1 to 7,
wherein the reaction is performed in the presence of a
nitrile solvent.

Item 9. A composition comprising
a compound represented by formula (1):

@
@O @N_6R2)4

1
F R
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(wherein R is a fluoroalkyl group optionally containing
an oxygen atom between carbon atoms, or a fluoro-
alkoxy group optionally containing an oxygen atom
between carbon atoms, and

each R? is identical to or different from each other and is
a hydrocarbon group), and

a compound represented by formula (4):

C
© 0 ® N—tRY),

(6] R

(wherein R” is a fluoroalkyl group optionally containing
an oxygen atom between carbon atoms, or a fluoro-
alkoxy group optionally containing an oxygen atom
between carbon atoms, and

each R? is identical to or different from each other and is
a hydrocarbon group),

wherein when the sum of the content of the compound
represented by formula (1) and the content of the
compound represented by formula (4) is defined as
100%, the content of the compound represented by
formula (1) is 70% or more in terms of molar ratio.

Ttem 10. The composition according to Item 9, wherein
each R? is identical to or different from each other and
is alkyl, and each R” is identical to or different from
each other and is alkyl.

Item 11. The composition according to Item 9 or 10,
wherein each R? is identical to or different from each
other and is C,_, alkyl, and each R” is identical to or
different from each other and is C,_, alkyl.

Ttem 12. The composition according to any one of Items
9 to 11 wherein all R®s are methyl, and all R?s are
methyl.

Ttem 13. The composition according to any one of Items
9 to 12, wherein R' is a perfluoro-C, 4 alkyl group
optionally containing an oxygen atom between carbon
atoms, or a perfluoro-C, ; alkoxy group optionally
containing an oxygen atom between carbon atoms, and
R*1is a perfluoro-C, , alkyl group optionally containing
an oxygen atom between carbon atoms, or a perfluoro-
C,_s alkoxy group optionally containing an oxygen
atom between carbon atoms.

Item 14. A fluoroalkoxylating agent comprising the com-
position of any one of Items 9 to 13.

Ttem 15. A method for producing a compound represented
by the following formula (5):

®
F F

R

(wherein R? is a fluoroalkyl group optionally containing
an oxygen atom between carbon atoms, or a fluoro-
alkoxy group optionally containing an oxygen atom
between carbon atoms, and
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Q' is an organic group),
the method comprising the step of reacting
a compound represented by the following formula (6):

©
eo ® N—tRY),

3
F R

(wherein R? is as defined above, and each R* is identical
to or different from each other and is a hydrocarbon

group)
with a compound represented by the following formula

(7N):

QL @]

(wherein Q' is as defined above and L is a leaving group).

Item 16. The method according to Item 15, wherein Q' is
a hydrocarbon group optionally having one or more
substituents.

Item 17. The method according to Item 15 or 16, wherein
L is a halogen atom.

Item 18. The method according to any one of Items 15 to
17, wherein each R* is identical to or different from
each other and is alkyl.

Item 19. The method according to any one of Items 15 to
18, wherein each R* is identical to or different from
each other and is C, _, alkyl.

Item 20. The method according to any one of Items 15 to
19, wherein all R* are methyl.

Item 21. The method according to any one of Items 15 to
20, wherein R? is a perfluoro-C,_, alkyl group option-
ally containing an oxygen atom between carbon atoms,
or a perfluoro-C,  alkoxy group optionally containing
an oxygen atom between carbon atoms.

Item 22. The method according to any one of Items 15 to
21, wherein the reaction is performed at a temperature
in the range of 0 to 100° C. for a period of 1 to 24 hours.

EXAMPLES

One embodiment according to the present disclosure is
described below in more detail with reference to Examples.
However, the present disclosure is not limited thereto or
thereby.

Example 1: Synthesis of Tetramethylammonium
Perfluorooctan-1-olate

In a nitrogen atmosphere, 23.8 mg of tetramethylammo-
nium fluoride was weighed in a 10 mL pressure-resistant
container, and 1 mL of acetonitrile was added.

104 mg of perfluorooctanoyl fluoride and 0.2 ml of
acetonitrile were added to the container.

After stirring at room temperature for 30 minutes, the
contents of the container were analyzed by '°F NMR. The
analysis results indicated that the title alkoxide was obtained
as a mixture with tetramethylammonium perfluoroheptano-
ate in a molar ratio of 87:13.

'°F NMR (376 MHz, CD,CN): 8-34.3 (br-s, 2F), -80.4
(t, J=9.7 Hz, 3F), -120.4 (t, J=13.5 Hz, 2F), -120.8 to
-121.5 (m, 6F), -122.0 (m, 2F), -125.4 (n, 2F) ppm.
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Example 2: Synthesis of Tetramethylammonium
Perfluorohexan-1-olate

In a nitrogen atmosphere, 23.8 mg of tetramethylammo-
nium fluoride was weighed in a 10 mL pressure-resistant
container, and 1 mL of acetonitrile was added.

79 mg of perfluorohexanoyl fluoride and 0.2 ml. of
acetonitrile were added to the container.

After stirring at room temperature for 30 minutes, the
contents of the container were analyzed by '°F NMR. The
analysis results indicated that the title alkoxide was obtained
as a mixture with tetramethylammonium pertfluorohexanoate
in a molar ratio of 88:12.

19F NMR (376 MHz, CD,CN): 8 -25.5 (t, I=8.8 Hz, 2F),
-80.8 (t, J=10.5 Hz, 2F), -120.6 to -120.7 (M, 2F), -121.6
(br-s, 2F), -122.3 to =122.4 (m, 2F), -125.7 (t, J=13.5 Hz,
2F) ppm.

Example 3: Synthesis of Tetramethylammonium
Perfluoro-2-propoxypropan-1-olate

In a nitrogen atmosphere, 23.8 mg of tetramethylammo-
nium fluoride was weighed in a 10 mL pressure-resistant
container, and 1 mL of acetonitrile was added.

83 mg of 2-(heptafluoropropoxy)tetrafluoropropionyl
fluoride and 0.2 mL of acetonitrile were added to the
container.

After stirring at room temperature for 30 minutes, the
content of the container was analyzed by '°F NMR. The
analysis results indicated that the title alkoxide was pro-
duced as a mixture with tetramethylammonium perfluoro-
2-propoxypropanoate in a molar ratio of 84:16.

1°F NMR (376 MHz, CD,CN): § -29.8 (br-s, 2F), =79.7
(d, I=9.0 Hz, 3F), -81.1 (t, I=9.0 Hz, 3F), -81.7 (s, 2F),
-129.5 (t, J=9.0 Hz, 2F), -137.7 (t, J=20.3 Hz, 1F) ppm.

Example 4: Synthesis of Benzyl Perfluorooctyl
Ether

In a nitrogen atmosphere, 70 mg of tetramethylammo-
nium fluoride was weighed in a 10 mL container, and 4 mL
of acetonitrile was added. 325 mg of perfluoroheptaacyl
fluoride and 0.8 mL of acetonitrile were added to the
container.

After stirring at room temperature for 30 minutes, 35.7 pl,
of benzyl bromide, 70.1 mg of silver tetrafluoroborate, and
0.4 mL of acetonitrile were added.

The container was heated at 45° C. for 8 hours.

After the container was cooled to room temperature, the
contents of the container were filtered through Celite using
dichloromethane, and purified by silica gel column chroma-
tography. The desired title ether was obtained with a molar
yield of 52% relative to benzyl bromide.

'F NMR: (376 MHz, CDCl,): 8-80.8 (t, J=9.0 Hz, 3F),
-8.47 (br-s, 2F), -121.9 (br-s, 6F), —122.7 (br-s, 2F), -125.1
(br-s, 2F), =126.2 (br-s, 2F) ppm.

Example 5: Synthesis of Allyl Perfluorooctyl Ether

In a nitrogen atmosphere, 72.6 mg of tetramethylammo-
nium fluoride was weighed in a 10 mL container, and 2 mL
of acetonitrile was added.

325 mg of perfluoroheptaacyl fluoride and 0.8 mL of
acetonitrile were added.
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After stirring at room temperature for 30 minutes, 25.3 ul.
of allyl bromide, 70.1 mg of silver tetrafluoroborate, and 0.4
mL of acetonitrile were added.

The container was heated at 45° C. for 8 hours.

After the container was cooled to room temperature, the
contents of the container were filtered through Celite using
dichloromethane, and then analyzed by *F NMR. The
analysis results indicated that the desired title ether was
obtained with a molar yield of 38% relative to allyl bromide.

'°F NMR (376 MHz, CDCls): 8 -80.6 (t, I=8.1 Hz, 3F),
-84.7 (br-s, 12F), -122.0 (br-s, 2F), -122.6 (br-s, 2F),
-125.0 (br-s, 2F), -126.0 (br-s, 2F) ppm.

Example 6: Synthesis of 2-(Perfluorooctyloxy )ethyl
Acetate

In a nitrogen atmosphere, 70 mg of tetramethylammo-
nium fluoride was weighed in a 10 mL container, and 4 mL
of acetonitrile was added.

325 mg of perfluoroheptaacyl fluoride and 0.8 mL of
acetonitrile were added to the container.

After stirring at room temperature for 30 minutes, 33.2 ul.
of ethyl bromoacetate, 70.1 mg of silver tetrafluoroborate,
and 0.4 mL of acetonitrile were added.

The container was heated at 45° C. for 9 hours.

After the container was cooled to room temperature, the
contents of the container were filtered through Celite using
dichloromethane, and then analyzed by °F NMR. The
analysis results indicated that the desired title ether was
obtained with a molar yield of 22% with respect to ethyl
bromoacetate.

'°F NMR (376 MHz, CDCl,): 8-81.5 (t, J=9.0 Hz, 3F),
-85.5 (br-s, 2F), =122.3 to —122.4 (m, 6F), -123.2 (br-s, 2F),
-125.6 (br-s, 2F), -126.6 (br-s, 2F) ppm.

The invention claimed is:
1. A composition comprising
a compound represented by formula (1):

M

wherein R' is a fluoroalkyl group optionally containing
an oxygen atom between carbon atoms, or a fluoro-
alkoxy group optionally containing an oxygen atom
between carbon atoms, and each R? is identical to or
different from each other and is a hydrocarbon group,
and

a compound represented by formula (4):

@
e 0 ® N—RY),

O R

wherein R? is a fluoroalkyl group optionally containing
an oxygen atom between carbon atoms, or a fluoro-
alkoxy group optionally containing an oxygen atom
between carbon atoms, and each R? is identical to or
different from each other and is a hydrocarbon group,
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wherein R' is not CF,, C,Fs, or C;F,, and R® is not
CF;, C,Fs, or C4F,, and

wherein when the sum of the content of the compound
represented by formula (1) and the content of the
compound represented by formula (4) is defined as
100%, the content of the compound represented by
formula (1) is 70-95% in terms of molar ratio.

2. The composition according to claim 1, wherein each R?
is identical to or different from each other and is alkyl, and
each R is identical to or different from each other and is
alkyl.

3. The composition according to claim 1, wherein each R?
is identical to or different from each other and is C,-4 alkyl,
and each R? is identical to or different from each other and
is C;-4 alkyl.

4. The composition according to claim 1 wherein all R?s
are methyl, and all R’s are methyl.

5. The composition according to claim 1, wherein R' is a
perfluoro-C,_g alkyl group optionally containing an oxygen
atom between carbon atoms, or a perfluoro-C, ¢ alkoxy
group optionally containing an oxygen atom between carbon
atoms, and R* is a perfluoro-C, ¢ alkyl group optionally
containing an oxygen atom between carbon atoms, or a
perfluoro-C,_ alkoxy group optionally containing an oxy-
gen atom between carbon atoms.

6. A fluoroalkoxylating agent comprising the composition
of claim 1.
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